Hong Kong has been part of China now for over twenty years. The economic activities between the two regions are more integrated due to policies for enhancing trade and finance, location convenience and fast economic growth in China. This article examined the economic integration between Hong Kong and China in terms of the volatility spillover effect of four economic indicators, namely real GDP growth rate, inflation rate, M2 supply and the three-month interbank offer rate. We used the Bivariate Multivariate GARCH model. As the USA has been the biggest trade partner of Hong Kong, the economic effect of the USA on Hong Kong was also analyzed. We found that the economic volatility of China significantly spills over to Hong Kong while there is less evidence found for a spillover effect from the USA. As the Hong Kong Dollar is still strictly pegged with the US Dollar, this paper provides evidence for the evaluation of Hong Kong's monetary policy on the exchange rate system.
INTRODUCTION
This study examined the volatility spillover of the fundamental economic indicators between Hong Kong and China. As the two economies become more integrated, instead of measuring the cyclical effect in the business cycle, it is also valuable to measure whether there is co-movement in the volatility. Hong Kong has adopted a fixed exchange rate system for over 30 years.
Linking the Hong Kong Dollar with the US dollar implies the importance and influence of the US's monetary policy on Hong Kong. Because of this, if Hong Kong and the USA have different business cycles, by adopting the fixed exchange rate system, an inappropriate monetary policy will also be adopted and used. It has worked well for the past 30 years.
However, the political and therefore economic structures of Hong Kong, United States and China have changed in recent years. Hong Kong's economic structure is becoming more integrated with China. Therefore, re-examining the business cycle between Hong Kong, China and USA is necessary. This article evaluated the volatility comovement of the business cycle in terms of a set of selected economic indicators among those regions.
Asian Economic and Financial Review 2. LITERATURE REVIEW
In the research of GDP volatility, the GARCH model is an effective tool. Past researchers have used the MGARCH model on the real GDP growth rate to study the volatility spillover effect among countries. Fang et al. (2008) developed a GARCH model with a structural break. The model was used to estimate the real GDP growth of Canada, Germany, Italy, Japan, the United Kingdom and the United States. The conditional variances among those countries were declining and its effect on how real GDP growth affects volatility was tested. Beirne et al. (2010) set up a Trivariate VAR GARCH-M model on stock market return. This was developed to detect the spillover effect in mean, volatility and GARCH-in-Mean among different parts of the world. They found that the mean spillover effect was common in Asia and Latin America. The spillover in variance was common in emerging European markets. Antonakakis and Badinger (2012) applied a BEKK-MGARCH model to investigate the existence of real GDP growth and output spillover between G7 countries. There was positive mean and volatility spillover effects among most of the G7 countries. Hai et al. (2013) formed an EGARCH model to explore the existence of asymmetric volatility in real GDP growth rates in Singapore, Hong Kong and Taiwan. They found that evidence of asymmetry and persistence existed in the volatility of real GDP growth rates. Results were more significant with structural break points in volatility included. Harvie et al. (2013) used data for the period of 1912-2008. They identified three groups from twelve countries with real GDP co-movements. The multivariate GARCH model was used to measure the volatility spillover effect among those groups. The growth volatility in Japan and South Korea were more influenced by its past volatility, while others were more influenced by other groups. Janiga-Ćmiel (2013) have applied the MGARCH model to the real GDP growth rate in different countries.
Most of the selected European countries were correlated with real GDP growth, except Poland. In this paper, the author extends these approaches to analyzing the volatility spillover effects between Hong Kong, China and the USA.
METHODOLOGIES

A. Measuring the Effect of Economic Shocks
If the economic instability of a country can affect other countries, it is considered to have a spillover effect. The spillover effect can be discovered in countries where there are close economic interactions. A spillover effect in the volatility of the economic indicators is an important measurement of how rigorous the change in one country can affect other countries. To measure the spillover effect in volatility, the method of Generalized Autoregressive Conditional Heteroskedasticity (GARCH) was used in this study. This method is powerful in modeling time series data with changing volatility. This characteristic often appears in econometric time series. We estimated the GARCH models using four economic indicators, namely GDP growth rate, change of inflation rate, change of interest rate and money supply growth rate. Once we built the model the volatility spillover effect was measured.
B. Multivariate BEKK-GARCH Model
The univariate GARCH model proposed by Engle (1982) can only capture the variability of one dependent variable. The conditional variance equation can therefore only cover the volatility created by the dependent variable itself. Using the univariate GARCH model therefore cannot account for or explain all observed changes in time series data analysis. It cannot explain the cause of the volatility change of a variable. In practice, researchers want to know the cause of volatility changes of a dependent variable and also examine whether there are volatility comovements or spillover effects between different variables. This led to the development of multivariate GARCH model.
The developers of the multivariate GARCH model are Bollerslev et al. (1988) ; Engle and Kroner (1995) There are several variations of the multivariate GARCH model as the multivariate model is not a natural extension of the univariate model. In the multivariate model, there is a (n x n) conditional covariance matrix, which complicates the system by involving many parameters that has little economic value for interpretation. This allows researchers to add specifications to the multivariate model to limit the number of parameters, and to achieve different purposes.
The VECH model was the first established multivariate GARCH model. It inspired later research but has two major weaknesses. The model requires n(n+1)/2+(p+q)(n4+2n3+n2)/4 parameters in the estimation process which creates an issue for the practical computation process. The huge number of parameters also means there is no guarantee of positive conditional covariance results. Bollerslev (1990) created another variation of the multivariate GARCH model in which the conditional correlation is assumed to be constant. This simplified the model estimation process allowing it to be estimated in practice. The assumption of positive conditional covariance was also satisfied by this approach. However, critics of the CCC GARCH model argue that the assumption of constant conditional variance could not be always satisfied.
This weakness limits the practical usability of CCC GARCH model.
The BEKK approach is a more dynamic approach to the interaction between time series. Although it requires more parameters than CCC, it provides more analytical aspects on the dynamics of the series. As discussed by Giles and Li (2015) the spillover effect between different markets is not captured by the DVEC model. The BEKK model can capture the response of one country's volatility to other countries and is often used to analyze the spillover effect of volatility. To reduce the number of parameters in the estimation process, a more restricted version of BEKK model called Diagonal-BEKK model is often used, as reviewed by Harvie et al. (2013) .
As cited by Giles and Li (2015) ; Engle and Kroner (1995) mentioned that "In most cases, the GARCH(1,1) specification is particular popular…it is the leading model for almost of returns…it is quite robust and does most of the work in almost all cases". Therefore, we used the Diagonal-BEKK GARCH (1,1) model to detect the spillover effects in volatility between Hong Kong, China and the USA in this study.
C. The Model
The multivariate GARCH system in compact form:
Where B is a (k x n) matrix of unknown parameters xt is a (k x 1) vector of endogenous and exogenous explanatory variables included in the available information set, It-1, f(.) is the conditional multivariate density function of the innovation process and g(.) is a function of the lagged conditional covariance matrices and the innovation process.
In this research, the mean equation yt is defined as an autoregressive process. This is to capture the autoregressive nature of the variables. The lagged terms will be determined by ACF and PACF autocorrelation tests. The GARCH effect for each variable is then represented by the conditional error term .
The innovation process can be written as
Where zt is an (n x 1) independently and identically distributed vector process such that E(zt)=0 and E(ztzt')=I .
The specification of the covariance matrix H is restricted to be Diagonal-BEKK(p,q).
Where A0 is a lower triangular matrix with (n(n+1)/2) parameters and Ai and Bj are specified as diagonal matrix.
The bivariate DBEKK-GARCH variance-covariance matrix is Expanding the above matrix, the conditional variance of each variable and the conditional co-variance between variables can be expressed by the following equations.
(1)
The co-variance equation h12 represents the co-movement of volatility between country 1 and country 2, which is the volatility spillover effect. The co-volatility spillover is estimated by the sum of the cross products of A and B respectively. If there is co-volatility spillover effect, a1, a2, b1, b2 should show significance in h12t.
Each economic indicator was paired into two bivariate systems, namely Hong Kong-China and Hong Kong-USA. By using system estimation in Eviews 8, we estimated the bivariate-GARCH model. The standardized error provided in Eviews was used as diagnostic checking for the significance of each parameter. With the estimation on the variance-covariance matrix, the spillover of volatility between the countries was detected.
DATA COLLECTION AND PROCESSING
The data for Hong Kong and the USA were downloaded from the Reuters DataStream terminal. Data for China were collected from the Wind terminal and the government's websites. As there is no official data for the real GDP in China, it has to be calculated or transformed from the quarterly announced nominal GDP. We adopted the transformation approach and the real GDP generated by the Renmin University of China. Data from between 1989 and 2014 were used in the analysis.
Monthly year on year data for the CPI were collected. The data were then transformed into the inflation rates for the three regions. For the M2 supply, quarterly data were collected. For the interest rate, the three-month daily interbank offer rate was adopted. This interest rate is sensitive to the market movement but not as noisy or volatile as the overnight or 1-month market interest rate.
The long-term market interest rate was not considered a proper indicator because the fixed exchange rate system in Hong Kong ensured the co-movement of the long-term market interest rate. As China reformed the exchange rate determination system in mid-2005, we used data from 2005 to 2014 for all the indicators.
Data
Hong 
A. Determining the Lagged Length of the Mean AR Equation
To set up the MGARCH model, the lagged term for each variable in the mean equation was necessary.
Preliminary observations were provided by the ACF and PACF diagrams. After the preliminary checking with the ACF and PACF diagrams, the selected lagged terms were put into the mean equation as independent variables. The standard error and p-value was then provided for diagnostic checking. Diagnostic checking of significance was then conducted in each series and the results are listed in Appendix 1 of this article.
Mean AR Equations of the Real GDP Growth Rate
From the mean equation, the real GDP growth rates in Hong Kong and China seemed more stable. This can be explained by the fact that China has experienced a long period of high economic growth rate over the past 30 years.
The economic growth in the USA has been over a shorter time trend. Current economic growth in the USA can only be affected by the growth rate in the past two quarters. In other words, the economic cycle in China and Hong Kong is longer. It often lasts for one to two years. In the USA, its economic cycle of growth is shorter and often lasts for two quarters.
Change in Inflation Rate
Since the data frequency of inflation rate was monthly, the lagged term of twelve monthly successfully captured this seasonal effect. There was a quarterly seasonal effect in Hong Kong while China and the USA each have a one month lag in the inflation rate.
Change in Interest Rate
Hong Kong had the shortest lagged term in change of interest rate. Its interest rate had very short memory of one day. In China and the USA, the lagged terms were extended to four to six days. The change of interest rate was not as rigorous as in Hong Kong. As Hong Kong is a small and open economy and adopts the fixed exchange rate, its interest rate is highly sensitive to the external market environment. The rigorousness of the change in interest rate reflected this situation.
Money Supply Growth Rate
China's policy duration on money supply growth rate is long. It has a yearly seasonal effect, which means that its policy is coherent. The money supply growth rate was only one month lagged in the USA. This is because the monetary policy in the USA is determined by the Federal Reserve every six weeks. As its policy may change every six weeks, the lagged term of one month truly reflects the policy adjustments.
B. Testing for GARCH Effect with Lag 1 in Each Economic Indicator
After the determination of AR lagged terms, the residual of each mean equation was tested for the existence of the ARCH effect in Lag 1. Eviews 8 provided the LM test and the Portmanteau test for the GARCH effect. The results are presented in Table 3 below. In the change in inflation rate, Hong Kong and China both exhibited the ARCH effect at the 0.01 level of significance. In contrast, the USA still demonstrates the ARCH effect, but at the 0.05 level of significance.
For the testing of the ARCH effect, all three countries exhibited ARCH effect.
There was significant evidence for the ARCH effect in the change in the interest rate between the three countries. The significance level was smaller than 0.01 which means that the interest rate is very sensitive to news and market movement. There are periods of high volatility and periods of stability. The data used for the interest rate is the three-months daily interbank rate, which was regarded as short-term market interest. It is highly responsive to the demand and supply of fund in the market. The existence of volatility clustering matched findings from other research.
Given the test result, the MGARCH model was built so that the relationship of the interest rate between the countries could be analysed for the volatility spillover effect.
Hong Kong and the USA both exhibit evidence of the ARCH-1 effect in the money supply growth rate at the 0.01 level of significance. As Hong Kong has no proactive monetary policy on money supply, its money supply totally depends on the inflow and outflow of foreign currency. This is highly market oriented. As the HKD is linked with the USD, the money supply in the USA has some effect on Hong Kong's money supply. As detected in the previous section, they are co-integrated. From the ARCH test, they also have a volatility clustering effect.
Therefore, the MGARCH model can be used to detect the volatility co-movement between these two countries.
China also exhibited the ARCH-1 effect at the 0.05 level of significance. It showed that the money supply growth rate in China is also market driven. The money supply policy depends on the market environment.
Since all countries demonstrated the ARCH effect in the money supply growth rate, the MGARCH model could be built to detect the volatility spillover effect.
RESULTS AND DISCUSSION
The coefficients and diagnostic checking for significance for each pair of bivariate DBEKK-GARCH models were estimated using Eviews 8 (make system function). Some detected lagged terms in the previous step became insignificant in this MGARCH model and were removed.
We used the Bivariate DBEKK-GARCH in this research. For each economic indicator with a significant ARCH effect, Hong Kong was paired with China and the USA respectively to estimate the MGARCH model. The existence of volatility co-movement was diagnostically checked with the standard error function provided by Eviews 8.
Referring to the co-variance equation h12 in Equation 1, the significance and estimations of the coefficients a1, a2, b1, b2 are listed in Table 4 and Table 5 below. If all four estimations were positive and significant, then equation h12 would be significant. It fulfilled the assumption of positivity in variance covariance. 
GDP Growth Rate
For the Hong Kong-China pairing for the real GDP growth rate, all coefficients in the mean equations were significant at 0.01 level. It was concluded that there is volatility co-movement in the real GDP growth rate between Hong Kong and China.
For the MGARCH model built between Hong Kong and the USA, all coefficients in the mean equations were significant. However, in the conditional variance co-variance equation, b2 was not significant. It implied that there is no GARCH effect in the co-variance equation h12. This result provided significant evidence that Hong Kong and the USA do not demonstrate any volatility co-movement in the real GDP growth rate.
The result provides a very important conclusion: that the volatility co-movement in the real GDP growth rate is only exhibited between Hong Kong and China, but not between Hong Kong and the USA.
Change in Inflation Rate
In the variance co-variance matrix, only a1 and b2 were significant. Comparing this estimation to Equation 1, it followed that Hong Kong exhibited the GARCH(1,0) and China exhibited the GARCH(0,1) effect. We also focused on the h12 equation. The result showed the insignificance of both the ARCH and GARCH terms. Therefore, there as no evidence to show the existence of any volatility co-movement in terms of the change in the inflation rate between Hong Kong and China.
For the Hong Kong-USA pairing, from the MGARCH model, both coefficients a1 and a2 demonstrated a significance at the 0.01 level. It suggested that the volatility in the inflation change rate in Hong Kong appears to have a GARCH effect. However, the insignificance of b1 implied that there is no volatility spillover between Hong
Kong and the USA. The MGARCH model on measuring volatility co-movement between Hong Kong and USA therefore did not need to be created.
In brief, both the Hong Kong-China and Hong Kong-USA pairings could not provide sufficient evidence for any volatility spillover effects relating to the change in the inflation rate. This suggested that the inflation rate change in the three locations had no spillover effects on other countries.
Change in Interest Rate
For the Hong Kong-China pairing, from the level of significance of a1, a2, b1 and b2, the MGARCH model was successfully created. It showed that Hong Kong and China's data both provide evidence of the GARCH effect and a cross correlation between their volatility. Therefore, there is volatility co-movement in the interest rate between Hong Kong and China. Mutual trade (including visible and invisible trade) between Hong Kong and China is very intense. The volatility of changed in short-term market interest rate reflects this situation. The market clearing calendar date effect also has some influence. Some financial products share the same date of maturity in Hong Kong and China. There is a certain level of financial market synchronization in Hong Kong and China's market, e.g. Hong
Kong-Shanghai Connect and AH Shares. The co-movement in the volatility of market interest rate was a predictable result.
For the Hong Kong-USA pairing, from the above estimation of the MGARCH model, there was also evidence of the co-movement of volatility in the market interest rate between Hong Kong and the USA. It was shown in the significance of all variables in the variance co-variance equations.
There was an interesting finding in the difference between the COV1_2(-1) (same as b1b2) coefficients in the covariance equation h2 in both pairs. Although both Hong Kong-China and Hong Kong-USA pairings exhibited a valid result, the size of the coefficient was quite different. In the Hong Kong-China pair, it was 0.2341. In the Hong Kong-USA pair, it was 0.8045.
The effect of volatility co-movement was much higher in the Hong Kong-USA pairing because of the fixed exchange rate policy adopted between Hong Kong and the USA. The market interest rate in Hong Kong follows that of the USA. If there are changes in the interest rate in USA, Hong Kong's must react to balance any arbitrary action. The figure showed that around 80% of Hong Kong's short-term interest rate volatility movement follows the USA while around 20% of Hong Kong's follows China. This sensibly captured the financial market action.
Change in Money Supply Growth Rate
For the Hong Kong-China pair, in the variance co-variance equations, all estimations were significant at the 0.01 level except for a1 at the 0.05 level of significance. We concluded that the volatility of money supply growth rate is co-moved between Hong Kong and China. The reason is similar to that for the interest rate. Hong Kong and
China are becoming closer in trade and other business activities. Due to the convenience in geographic location and the openness in China's capital market, liquidity flows have surged enormously in the past years. While Hong Kong has no independent monetary policy, the money supply in Hong Kong only depends on the currency board system.
It means that when there is inflow of foreign currency into Hong Kong, the money supply will be increased by the same amount of the HKD. Therefore, the monetary policy in China largely affects the money supply in Hong Kong when the economic activities between these two countries are rigorous. This empirical result reflects the economic situation between Hong Kong and China. In the Hong Kong-USA pairing, the result was not as satisfactory as in the Hong Kong-China pairing. The estimation of b1 was not significant, leading to the failure to model the GARCH effect in the USA's money supply growth rate itself and its cross GARCH with Hong Kong. Therefore, no DBEKK-GARCH model could be significantly set up on the money supply growth rate between Hong Kong and the USA.
As a result, the contrast between the two pairs of MGARCH model provides important evidence that the volatility spillover effect in the money supply growth rate is revealed only in the Hong Kong-China pairing but not in the Hong Kong-USA pairing. It proved that China has exerted a large volatility spillover effect on Hong Kong's money supply.
CONCLUSIONS
The volatility spillover effects for the five economic indicators are listed in Table 6 below. 
